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PROBLEM TO BE SOLVED: To provide an LPX and an X-ray 
device with the LPX for continuously supplying target matter 



without machining the target matter into a tape state, a wire 
state, or a thin film state (on a tape substrate), or even the 
target matter impossible to machine like above. 
SOLUTION: In this X-ray generator, pulse laser light 101 is 
condensed to target matter 105 within a decompressed vessel 
100 to generate plasma 109 from the target matter 105, to 
make use of X-rays radiated from the plasma 1 09, where the 
target matter 105 has a fine particle-like form or a liquid-like 
form, and the pulse laser light 101 is condensed to the target 
matter 105 by free fall of the target matter 105 from an opening 
106. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] The X-ray generator which presupposes that it is liquid, is made to carry out free fall of the target 
matter from opening, and is characterized for the gestalt of said target matter by the shape of a particle, and 
condensing said pulse laser light to the target matter under fall in the X-ray generator using the X-ray which 
condenses pulse laser light to the target matter in the decompressed container, plasma-izes this target matter, 
and is radiated from this plasma. 

[Claim 2] The X-ray generator characterized by condensing pulse laser light to the target matter in the 
decompressed container, and condensing said pulse laser light for the gestalt of said target matter in the X-ray 
generator usipg the X-ray which plasma-izes this target matter and is radiated from this plasma to the shape of 
a particle, and the target matter which presupposed that it is liquid, and the target matter was made to blow off 
from opening according to a centrifugal force, and blew off. 

[Claim 3] Said target matter is an X-ray generator according to claim 1 or 2 characterized by mixing two or 

more kinds of matter chosen from either the particle-like matter or the liquid matter and both. 

[Claim 4] The X-ray generator according to claim 1 to 3 which collects the target matter made to fall or blow 

off from said opening, and is characterized by carrying out a reuse. 

[Claim 5] The X-ray plant equipped with the X-ray generator according to claim 1 to 4. 



[Translation done.] 
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DETAILED DES CRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is used as an X line source of X-ray plants (an X-ray microscope, an X- 
rays spectroscopic analyzer, X-ray aligner, etc.), and relates to a suitable X-ray generator and the X-ray plant 
equipped with this X-ray generator. 
[0002] 

[Description of the Prior Art] Though it is high brightness, since the X-ray generator (a laser plasma X line 
source, LPX) using the X-ray which condenses pulse laser light to the target matter in the decompressed 
container, plasma-izes this target matter, and is radiated from this plasma is small, it attracts attention as the 
light source for the X-ray plants (for example, an X-ray microscope, an X-rays spectroscopic analyzer, etc.) of 
laboratory size. 

[0003] Moreover, since LPX changes the configuration and X-ray wavelength of an X-ray spectrum with the 
target matter, the use according to an application is possible for it. For example, if a light element like carbon or 
oxygen as target matter is used, since the discrete Rhine spectrum will be obtained, it is suitable for the light 
source of the photoelectron analysis apparatus as which the monochromaticity of an X-ray is required. 
[0004] Moreover, if a heavy element like gold or a tungsten as target matter is used, since the broadcloth 
spectrum covering the large wavelength range will be obtained, it is suitable for the light source of the 
reflection factor measuring device which measures a reflection factor, carrying out a spectrum with a 
spectroscope and scanning wavelength. However, in order to gather the operation effectiveness of equipment in 
putting LPX in practical use, it is indispensable to enable it to operate LPX over long duration. Therefore, the 
target matter must be able to be supplied continuously for a long time. 

[0005] By the way, since the target member constituted with the target matter is dug when laser is irradiated 
in LPX at the target matter, if laser is irradiated to the same location of a target member many times, laser will 
penetrate a target member. Then, one shot or after several shots irradiate, it is necessary for laser to move for 
example, a target member to a target member, and it is necessary to irradiate laser in another location of a 
target member at it. 

[0006] Therefore, in the conventional X-ray generator, it carries out forming the target matter and considering 
as a target member on the ** tape-like substrate which makes ** target member (target matter) the shape of 
a tape, making ** target member (target matter) into the shape of a wire, etc., and can be made to carry out 
long duration use of the target member. 
[0007] 

[Problem(s) to be Solved by the Invention] However, even if it makes a target member into the shape of the 
shape of a tape, or a wire, the die length is limited and any need to exchange a target member. And it is 
necessary to suspend operation of the X-ray plant which makes LPX and LPX the light source in the case of 
target member exchange, therefore there is a problem that LPX and the operation effectiveness of an X-ray 
plant fall. 

[0008] Moreover, it can be necessary to process the target matter which can carry out continuous duty the 
shape of a tape, the shape of a wire, and in the shape of a thin film (on a tape substrate), and it has the 
problem that the target matter which can be used is restricted. By the way, in an X-ray aligner etc., when 
improving a throughput, the higher possible one of the repeat frequency of LPX is good, and that whose repeat 
frequency is about several kHz is needed. And in this case, since several m / sec extent is required for the 
speed of supply of the target member of the shape of the shape of a tape, and a wire, it has the problem that 
the supply approach becomes difficult. 

[0009] Furthermore, in LPX, the scattering particle emitted from the target matter the plasma and near the 
plasma poses a problem. The gestalt of a scattering particle is various from the thing of the very small light 
particle of the shape of the shape of the shape of ion, and an atom, and a cluster to the liquid drop-like thing 
which attains to the diameter of several micrometers - about 10 micrometers of numbers and by which melting 
was carried out. And if a liquid drop-like heavy and large scattering particle collides with an X-ray optics 
component it will damage an optical element. Moreover, on an X-ray optics component, a small atom-like 
scattering particle will carry out adhesion deposition, and will reduce the engine performance (a reflection 
factor and permeability) gradually. 

[0010] Therefore, it has been a big technical problem to offer LPX with little scattering particle weight. Then, it 
is high-speed rotation (40,000 revolution per minute) about a disc-like target member with a diameter of 10cm 
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as one of the approaches of solving this technical problem. By carrying out the rate of the tangential direction 
of a disk about 200 m/sec, and irradiating laser light near [ the ] the periphery The direction of the scattering 
particle emitted from near the laser radiation point with the inertial force of a disk The attempt centralized on a 
hand of cut is performed (). [ L] A.Shmaenok et aL, Proceedings of the Conf.OnApplications of Laser Plasma 
Radiation II. SPIE 2523, and 12-14 July 1995. 

[001 1] However, by this approach, since a limitation was in the magnitude of a disk, targets needed to be 
exchanged, after carrying out laser radiation of the predetermined shots per hour. And in the case of target 
exchange, there is the need (namely, the need of interrupting operation of the X-ray plant which makes LPX 
and LPX the light source) of breaking the vacuum of a vacuum housing, and there is a problem that LPX and 
the operation effectiveness of an X-ray plant fall remarkably. 

[001 2] Even if this invention is the target matter which cannot perform said processing, without being made in 
view of the problem of this conventional technique, and processing the target matter the shape of the shape of 
a tape, and a wire, and in the shape of a thin film (on a tape substrate), it aims at offering LPX which can be 
supplied continuously, and the X-ray plant equipped with this LPX. Furthermore, this invention aims at offering 
an X-ray plant with the high operation effectiveness equipped with LPX with little scattering particle weight, 
LPX from which the X-ray-spectrum distribution suitable for the purpose is acquired, and such LPX. 
[001 3] 

[Means for Solving the Problem] In the X-ray generator using the X-ray which condenses pulse laser light to 
the target matter in the decompressed container, plasma-izes this target matter, and is radiated from this 
plasma therefore, this invention — the first — " — The X-ray generator (claim 1) which presupposes that it is 
liquid, is made to carry out free fall of the target matter from opening, and is characterized for the gestalt of 
said target matter by the shape of a particle and condensing said pulse laser light to the target matter under 
fall" is offered. 

[0014]Tn the X-ray generator using the X-ray which condenses pulse laser light to the target matter in the 
decompressed container, plasma-izes this target matter, and is radiated from this plasma moreover, this 
invention — the second — " — The X-ray generator (claim 2) characterized by condensing said pulse laser 
light for the gestalt of said target matter to the shape of a particle and the target matter which presupposed 
that it is liquid, and the target matter was made to blow off from opening according to a centrifugal force, and 
blew off" is offered. 

[0015] Moreover, this invention provides the third with "the X-ray generator (claim 3) according to claim 1 or 2 
characterized by mixing two or more kinds of matter which chose said target matter from either the particle- 
like matter or the liquid matter and both." Moreover, this invention provides the fourth with "the X-ray 
generator (claim 4) according to claim 1 to 3 which collects the target matter made to fall or blow off from said 
opening, and is characterized by carrying out a reuse." 

[0016] Moreover, this invention provides the fifth with "the X-ray plant (claim 5) equipped with the X-ray 

generator according to claim 1 to 4." 

[0017] 

[The mode of implementation of invention] the shape of a particle which is the gestalt in which almost all 
matter can take the gestalt of the target matter in the X-ray generator concerning this invention (claims 1-4) 
using the X-ray which condenses pulse laser light to the target matter in the decompressed container, plasma- 
izes this target matter, and is radiated from this plasma — or it is supposed that it is liquid. 
[0018] Namely, in almost all cases, it is possible to also make into the shape of the shape of a particle and a 
liquid the matter which is not processible the shape of the shape of a tape and a wire and in the shape of a thin 
film (on a tape substrate). For example, although it is difficult to process ceramics, such as boron nitride (BN) 
and B4 C and SiC, in the shape of a tape, these particles can be formed easily. And since it is not processible 
in the shape of a tape etc., with the X-ray generator concerning this invention (claims 1-4), the matter which 
was not able to be used as target matter of LPX also becomes usable by making it the shape of the shape of a 
particle, and a liquid, and can use the target matter of varieties conventionally. 

[0019] Therefore, according to the X-ray generator concerning this invention (claims 1-4), it is possible to 
generate the X-ray of various wavelength or a spectrum configuration, and since the selection width of face of 
wavelength or a spectrum configuration spreads conventionally, the X-ray-spectrum distribution suitable for 
the purpose is acquired. Moreover, in the X-ray generator applied to the shape of a particle, and this invention 
(claims 1-4) made liquid in the target matter, continuation supply of the target matter can be easily carried out 
by the easy configuration. 

[0020] That is, in the X-ray generator concerning this invention (claims 1-4), even if it is the target matter 
which cannot perform said processing, without processing the target matter the shape of the shape of a tape, 
and a wire, and in the shape of a thin film (on a tape substrate), it can supply easily and continuously by the 
easy configuration. For example, in the X-ray generator concerning this invention, by carrying out free fall of 
the target matter of the shape of the shape of a particle, and a liquid from opening, continuation supply of the 
target matter is carried out, and pulse laser light is condensed to the target matter under fall. 
[0021] Drawing 3 is quoted and this operation gestalt is explained concretely. In addition, although the gestalt of 
the target matter is a particle-like in drawing..3 . it is the same even if liquid, a funnel — the particle-like target 
matter 303 is accumulated into target ****** 301 of a **, and the nozzle 302 is attached in the bottom of it. 
Free fall of the particle 303 in target ****** 301 is carried out like a sandglass from a nozzle 302 with gravity. 
[0022] The rate v of the particle which fell from opening of a nozzle at this time sets gravitational acceleration 
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to g, and if elapsed time after coming out of the rate when coming out of opening of a nozzle from vO and a 
nozzle orifice is set to t, it will serve as v=gt+vO. And the plasma 305 is made to generate and an X-ray is made 
to radiate by irradiating the laser light 304 at target matter 303a of the shape of a particle in the middle of fall. 
Since target matter 303a is dropped in a vacuum, it is in the middle of fall, and a particle group can spread, and 
cannot go (even if it separates from a nozzle 302, the number density of the target matter does not decrease), 
and a laser radiation location can be separated from a nozzle 302. 

[0023] That is, the high-speed electron and ion which were emitted from the plasma 305 collide with a nozzle 
302, and can be prevented from shaving off a nozzle by separating a laser radiation location from a nozzle 302. 
Fall of a particle may be performed continuously, nozzle opening is equipped with a shutter etc., and you may 
make it a particle fall intermittently at this time. Since the most falls without laser light irradiating even if it 
continues dropping a particle continuously when the repeat frequency of laser light is low, the particle-like 
target matter will be consumed vainly. 

[0024] Then, if the shutter with which the nozzle is equipped in such a case just before carrying out laser 
luminescence is opened and it is made to drop the particle-like target matter, the consumption of the particle- 
like target matter can be reduced, moreover — for example, in the X-ray generator concerning this invention, 
the target matter of the shape of the shape of a particle and a liquid is made to blow off from opening 
according to a centrifugal force, continuation supply of the target matter is carried out, and pulse laser light is 
condensed to the target matter which blew off. 

[0025] Thus, if the target matter is made to blow off from opening according to a centrifugal force, continuation 
supply of the target matter can be carried out at a rate quicker than the time of free fall (claim 2). Drawing 4 is 
quoted and this operation gestalt is explained concretely. In addition, although the gestalt of the target matter 
is a particle-like in drawing 4 R> 4, it is the same even if liquid, the particle 402 which is the target matter — a 
funnel — it is accumulated into target ****** 401 of a **. In the base of target ****** 401, the hole is open, 
and a particle 402 falls in the lower disk 403 from this hole. The disk 403 is narrow as are shown in drawing 4 
R> 4 (a), and the cross section goes to a circumferencial direction. 

[0026] Moreover, opening is prepared in two on the periphery of a disk side face. The disk 403 is rotating at the 
high speed centering on the core, and the particle 402 which fell in the disk moves to a circumferencial 
direction according to a centrifugal force, and is emitted from each opening, respectively, particle 402a emitted 
from opening — a disk — it flies at a high speed to a tangential direction mostly. It is omega about the angular 
velocity of rotation of a disk 403 here. If it considers as [rad/sec] and the radius of a disk is set to r [m], the 
rate v of the periphery of a disk will serve as v=romega [m/sec]. a rate with a particle almost equivalent to 
opening of a disk to this — a disk — it is mostly emitted to a tangential direction. 

[0027] And although it plasma-izes and an X-ray is made to radiate by irradiating laser light at the group of 
particle 402a under emitted flight, the scattering particle emitted from the plasma at this time changes an orbit 
in the flight direction of a particle with inertial force. Therefore, the number of the scattering particles which fly 
in a direction opposite to the flight direction of a corpuscular stream or the direction of horizontal decreases. 
Then, by arranging an X-ray optics component in this location, the scattering particle which goes to an optical 
element can be reduced, and property degradation and damage on an optical element by the scattering particle 
can be controlled or prevented. 

[0028] Emission of a particle may be performed continuously, opening is equipped with a shutter etc., and you 
may make it make a particle emit intermittently at this time. Since the most is not irradiated by laser light even 
if it continues making a particle emit continuously when the repeat frequency of laser light is low, the particle- 
like target matter will be consumed vainly. 

[0029] Then, if the shutter with which opening is equipped in such a case just before carrying out laser 
luminescence is opened and it is made to make the particle-like target matter emit, the consumption of the 
particle-like target matter can be reduced. As target matter concerning this invention, not only the single 
matter of the shape of the shape of a particle and a liquid but the thing with which two or more kinds of matter 
chosen from both the particle-like matter and the liquid matter was mixed is usable (claim 3). 
[0030] that is, the X-ray which has desired X-ray-spectrum (it was suitable for purpose) distribution can be 
made to radiate by it being possible for the target matter to mix two or more matter (the shape of a particle — 
or liquid) easily, and to constitute the target matter, since it is liquid, the shape of a particle and as for the 
target matter concerning this invention, and irradiating laser light at this target matter 

[0031] For example, as for the spectrum distribution of the X-ray radiated from LPX, in the equipment which 
measures the wavelength dependency of a mirror, the reflection factor of a filter, or permeability while carrying 
out the spectrum of the X-ray from LPX using a diffraction grating and performing a wavelength scan, it is 
desirable that it is a flat as much as possible, however, since it is difficult for one kind of target matter to 
realize, what the X-ray spectrum which has uniform intensity distribution is obtained for (it is made to radiate) 
can perform uniform spectral intensity distribution by mixing two or more matter (the shape of a particle — or 
liquid) which has the spectral intensity distribution which complements mutually and suits, constituting the 
target matter (the shape of a particle — or liquid), and irradiating laser light at this target matter. 
[0032] It is desirable to collect and carry out the reuse of the target matter made to fall or blow off from 
opening at the X-ray generator concerning this invention (claim 4). For example, by collecting the target matter 
made to fall or blow off from opening, and returning to target ****** 301,401 again, it becomes possible to 
continue supplying the target matter semipermanently, and the running cost of equipment can be reduced. 
[0033] As target matter concerning this invention (claims 1-5), alloys, such as element simple substances, such 
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as tin (Sn) and copper (Cu), and a pewter, a compound like a salt (NaCI), or ceramics like boron nitride (BN) can 
be used, for example. Moreover, as for the magnitude of the target matter concerning this invention (claims 1- 
5), it may be desirable that it is the diameter of several mm or less, it may be small however, and especially the 
minimum is not restricted. 

[0034] moreover, opening or the nozzle for which the target matter (the shape of a particle — or liquid) falls — 
or especially the upper limit is not restricted that opening or the nozzle to which the target matter is emitted 
should just have the magnitude which can pass the target matter. Moreover, the configurations of opening or a 
nozzle may be what kind of configurations, such as the shape of circular, an ellipse form, a triangle, a square, a 
line, and radii. In this invention (claims 1-5), since the target matter is sent out using gravity or a centrifugal 
force (supply), it is not influenced by matter other than the target matter. 

[0035] On the other hand, although the particle-like target matter is made to blow off with gas and can also be 
supplied like the conventional technique, the X-ray with which the spectrum resulting from matter other than 
the target matter (gas) was mixed by laser light exposure in this case since the gas for jet was also plasma-ized 
together with the target matter will be radiated. Moreover, in the case of said conventional technique, since gas 
is made to blow off in a vacuum, gas will expand toward a perimeter rapidly, and the particle-like target matter 
will also be around diffused together with gas. And the number density of the target matter decreases rapidly 
as the distance from a nozzle separates. 

[0036] Therefore, in the case of said conventional technique, in order to raise X-ray intensity, the number 
density of the target matter needs to irradiate laser [ near / high / the nozzle ] at the target matter, and the 
problem that a nozzle is shaved off with the high-speed electron and ion from the plasma arises. On the other 
hand, in this invention, since gas is not used for supply (fall, jet) of the target matter, the problem which said 
conventional technique has is not produced. 

[0037] Since the continuation supply of the target matter can be carried out in the X~ray plant (claim 5). 
equipped with the X-ray generator concerning this invention (claims 1-4), operation effectiveness is higher than 
before. Moreover, in the X-ray plant (claim 5) equipped with the X-ray generator concerning this invention 
(claims 1-4), since the target matter of varieties can be used conventionally, it is possible to generate the X- 
ray of various wavelength or a spectrum configuration, and to use, and the selection width of face of 
wavelength or a spectrum configuration spreads conventionally (the X-ray of the spectrum distribution suitable 
for the purpose can be used). 

[0038] Furthermore, in the X-ray plant (claim 5) equipped with the X-ray generator concerning this invention 
(claims 1-4), the scattering particle which goes to an optical element conventionally can be reduced, and 
property degradation and damage on an optical element by the scattering particle can be controlled or 
prevented. Hereafter, although an example explains this invention concretely, this invention is not limited to 
these examples. 
[0039] 

[Example 1] The pulse laser light 101 is condensed to the target matter 105 in the decompressed container 
100, this target matter is plasma-ized, with the X-ray generator (refer to drawing 1 ) of this example using the 
X-ray radiated from this plasma 109, the gestalt of the target matter 105 is made into the shape of a particle, 
free fall of the target matter 105 is carried out from opening of a nozzle 106, and the pulse laser light 101 is 
condensed to the target matter under fall. 

[0040] The inside of a container 100 is exhausted by evacuation equipment (not shown), and the laser light 101 
carries out aerial discharge on the way, or it is decompressed to the pressure of extent which the X-ray 
radiated from the plasma 109 is absorbed, and is not decreased remarkably. Into target ****** 104, the boron 
nitride (BN) of the shape of a particle which is the target matter 105 is accumulated, and the mean particle 
diameter of BN is about 1 micrometer. 

[0041] A nozzle 106 is attached in the bottom of target ****** 104, opening with a diameter of 100 
micrometers is open at the tip of a nozzle 106, and BN particle passes this opening and falls downward. A 
piezo-electric element 107 is attached in a nozzle 106, and he is trying not to get a nozzle blocked by the 
particle by giving vibration of few amplitude to a nozzle 106 by this piezo-electric element 107. 
[0042] On BN particle group which is falling from a nozzle 106, it is condensed with a lens 102 and the pulse 
laser light 101 generates the plasma 109. The X-ray radiated from the plasma 109 is incorporated by the optical 
system which used the X-ray optics component (un-illustrating). The nozzle 106 and BN particle group in the 
middle of fall are covered with the pipe 108. The scattering particle emitted from the plasma and falling BN 
particles are scattered about in a container 100, or this pipe 108 adheres, and it is attached so that the inside 
of a container may not be soiled. 

[0043] Opening to which incidence of the laser light is carried out, opening to which outgoing radiation of the 
laser light in the location which counters it is carried out, and opening for taking out an X-ray are prepared in 
the pipe 108. Opening for laser light outgoing radiation is prepared for the alignment of a laser optical axis, and 
this opening may be blocked after alignment is completed. 

[0044] BN particle which the pipe 108 is connected to the container 110 for recycling of the target matter, and 
fell — all are almost collected in this container and it is stored. BN particle which fell pushes down constant- 
rate ******** et al. in the container 110 for recycling, and the door 1 1 1 prepared in the container 110 for 
recycling in the direction of A, and slushes BN particle which collected in the container in the container for 
conveyance attached by the band conveyor 112. 

[0045] The drive block of a band conveyor 1 12 is rotating in the direction of B, and the container for 
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conveyance moves in the direction of C. And when coming to near a summit, BN particle in the container for 
conveyance is made to flow in target ****** 104 Thus, by collecting and reusing the target matter used once, 
it becomes possible to continue supplying the target matter semipermanently, and a running cost can be 
reduced. 

[0046] What is necessary is just to make it not become a lump by stirring BN particle 105 within target ******, 
or heating target ****** 104 at a heater etc., and evaporating the water of adsorption on the front face of a 
particle, when the BN particle 105 adheres each other within target ****** 104 and serves as a lump by the 
water of adsorption adhering to a particle front face etc. In this example, although BN is used for the target 
matter, it may not be limited to this and you may be what kind of target matter. For example, you may be the 
target matter which mixed two or more particle-like matter. 

[0047] Moreover, even if it is not a particle-like in ordinary temperature, it is made to solidify in the state of 
low temperature, and is good also considering this as the shape of a particle. For example, although a carbon 
dioxide (C02) and a krypton (Kr) are gases in ordinary temperature, in the case of C02, it solidifies below -209 
degrees C, and, in Kr, they are solidified below -156.6 degrees C. Thus, the target matter which ground the 
matter solidified at low temperature and was made into the shape of a particle may be used. 
[0048] 

[Example 2] The pulse laser light 201 is condensed to the target matter 205 in the decompressed container 
200, this target matter 205 is plasma-ized and the pulse laser light 201 is condensed to the target matter which 
made the gestalt of the target matter 205 into the shape of a particle, and the target matter 205 was made to 
blow off from opening according to a centrifugal force, and blew off in the X-ray generator (refer to drawing 2 ) 
of this example using the X-ray radiated from this plasma 209. 

[0049] In this example, the particle of B4C is used as target matter and the mean particle diameter of a particle 
is about 0.1 micrometers. In addition, since the equipment configuration is the same as that of an example 1 
almost, only a different part is explained in detail, the particle 205 of B4C accumulated in target ****** 204 — 
a nozzle 206 to the disk 207 — it falls towards a part for a core mostly. The cross-section structure of a disk 
207 has become like drawing 4 (a), and two openings with a diameter of 100 micrometers have opened it on the 
periphery of the side face of a disk 207. Moreover, the disk 207 is rotating at the high speed by the drive of a 
motor 208. 

[0050] The particle 205 of B4C which fell in the disk 207 moves to a circumferencial direction promptly in 
rotation of a disk, and blows off from said opening. And it is controlled so that the particle 205 of B4C to which 
the laser light 201 blew off from opening of a disk exactly synchronizing with rotation of a disk 207 irradiates, 
and the particle 205 of B4C plasma-izes by laser light exposure, and an X-ray is radiated. 
[0051] Here, the circumference of a disk 207 is covered with covering 213, and the particles of emitted B4C 
are collected so that the particles 205 of B4C emitted from opening of a disk 207 (jet) may not be scattered 
about in a container 200. The hole which introduces B4C particle from target ****** 204 into covering 213, the 
hole which introduces laser light, and one or more holes which take out an X-ray are prepared, respectively, 
and the hole for making collected B4C particle flow into a container 210 is further established in the base. 
[0052] B4C particle brought together in the container 210 is carried on a band conveyor 212 like an example 1, 
and is returned to target ****** 204. For this reason, it can be used semipermanently, without supplying the 
target matter from the container outside. Since the rate is quick compared with free fall [ in / in the particle 
emitted from the disk 207 / an example 1 ], the flight direction is changed into the scattering particle emitted 
from the plasma in the emission direction of a particle with inertial force. 

[0053] Therefore, if optical elements and X-ray optics components, such as a laser light condenser lens, are 
arranged in the location of the longitudinal direction of a corpuscular stream, or the location of the opposite 
side, the scattering particle weight adhering to up to these optical elements can be reduced. Although the disk 
was used in this example as a means to which a particle is made to emit according to a centrifugal force, as 
long as it is the rotating body, the thing of what kind of configuration may be used. For example, a rod-like body 
may be rotated and a particle may be made to emit from the tip. 

[0054] Moreover, what is necessary is to stir the B4C particle 205 within target ******, or to heat target 
****** 204 and a disk 207 at a heater etc., to evaporate the water of adsorption on the front face of a particle, 
and just to make it not become a lump, when the B4C particle 205 adheres each other within target ****** 204 
or a disk 207 and serves as a lump by the water of adsorption adhering to a particle front face etc. 
[0055] Although B4C is used as target matter in this example, it may not be concerned with this, but you may 
be what kind of matter, and may be the target matter which mixed two or more particle-like matter. Moreover, 
even if it is not a particle-like in ordinary temperature, it is made to solidify in the state of low temperature, 
and is good also considering this as the shape of a particle. For example, although a carbon dioxide (C02) and a 
krypton (Kr) are gases in ordinary temperature, in the case of C02, it solidifies below -209 degrees C, and, in 
Kr, they are solidified below -156.6 degrees C. Thus, the target matter which ground the matter solidified at low 
temperature and was made into the shape of a particle may be used. 

[0056] Although the band conveyor for circulating the target matter was installed in the vacuum housing in the 
examples 1 and 2, this may be arranged besides a vacuum housing. Moreover, although the band conveyor is 
used as a circulation means of the target matter in the examples 1 and 2, not only this but other circulation 
means may be used. For example, a gas stream may be formed, the particle-like target matter may be put on 
the flow of this gas, and you may convey to target ******. 

[0057] Although the particle-like target matter was used in the examples 1 and 2, the liquid-like target matter 
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is sufficient as this. For example, you may be water (H20), alcohol, and oil (oil for diffusion pumps etc.). 
Moreover, the target matter does not necessarily need to be liquid in ordinary temperature. Free fall of this 
may be carried out from opening, or it may be made to blow off with a centrifugal force as liquid by [ heating 
and ] cooling. 

[0058] For example, tin (Sn) may be heated at 231.97 degrees C or more, it may suppose that it is liquid, and 
this may be used. Or a krypton (Kr) may be cooled at -156.6 degrees C — 153.4 degrees C, it may suppose 
that it is liquid, and this may be used. Although only one kind of target matter was used in the examples 1 and 
2, two or more matter may be mixed and used. In this case, particle-like matter may be mixed and liquid-like 
matter may be mixed, and into the liquid-like matter, the particle-like target matter is mixed and you may use 
as turbidity liquid. 

[0059] According to the X-ray generator concerning examples 1 and 2, since the continuation supply of the 
target matter can be carried out, operation effectiveness is higher than before. Moreover, according to the X- 
ray generator concerning examples 1 and 2, since the target matter of varieties can be used conventionally, it 
is possible to generate the X-ray of various wavelength or a spectrum configuration, and the selection width of 
face of wavelength or a spectrum configuration spreads conventionally (the X-ray-spectrum distribution 
suitable for the purpose is acquired). 

[0060] Furthermore, according to the X-ray generator concerning examples 1 and 2, the scattering particle 
which goes to an optical element conventionally can be reduced, and property degradation and damage on an 
optical element by the scattering particle can be controlled or prevented. 
[0061] 

[Effect of the Invention] According to the X-ray generator concerning this invention (claims 1-4), as explained 
above, it is possible to generate the X-ray of various wavelength or a spectrum configuration, and since the 
selection width of face of wavelength or a spectrum configuration spreads conventionally, the X-ray-spectrum 
distribution suitable for the purpose is acquired. 

[0062] Moreover, in the X-ray generator applied to the shape of a particle, and this invention (claims 1-4) made 
liquid in the target matter, continuation supply of the target matter can be easily carried out by the easy 
configuration. In the X-ray generator concerning this invention (claim 2), since the target matter of the shape of 
the shape of a particle and a liquid is made to blow off from opening according to a centrifugal force, 
continuation supply of the target matter can be carried out at a rate quicker than the time of free fall. 
[0063] as target matter concerning this invention, not only the single matter of the shape of the shape of a 
particle and a liquid but the thing (the shape of a particle — or liquid) with which two or more kinds of matter 
was mixed is usable (claim 3). that is, the X-ray which has desired X-ray-spectrum (it was suitable for purpose) 
distribution can be made to radiate by it being possible for the target matter to mix two or more matter (the 
shape of a particle — or liquid) easily, and to constitute the target matter, since it is liquid, the shape of a 
particle and as for the target matter concerning this invention, and irradiating laser light at this target matter 
[0064] It is desirable to collect and carry out the reuse of the target matter made to fall or blow off from 
opening at the X-ray generator concerning this invention (claim 4). For example, by collecting the target matter 
made to fall or blow off from opening, and returning to target ****** 301,401 again, it becomes possible to 
continue supplying the target matter semipermanently, and the running cost of equipment can be reduced. 
[0065] In this invention (claims 1-5), since the target matter is sent out using gravity or a centrifugal force 
(supply), it is not influenced by matter other than the target matter. Since the continuation supply of the target 
matter can be carried out in the X-ray plant (claim 5) equipped with the X-ray generator concerning this 
invention (claims 1-4), operation effectiveness is higher than before. Moreover, in the X-ray plant (claim 5) 
equipped with the X-ray generator concerning this invention (claims 1-4), since the target matter of varieties 
can be used conventionally, it is possible to generate the X-ray of various wavelength or a spectrum 
configuration, and to use, and the selection width of face of wavelength or a spectrum configuration spreads 
conventionally (the X-ray of the spectrum distribution suitable for the purpose can be used). 
[0066] Furthermore, in the X-ray plant (claim 5) equipped with the X-ray generator concerning this invention 
(claims 1-4), the scattering particle which goes to an optical element conventionally can be reduced, and 
property degradation and damage on an optical element by the scattering particle can be controlled or 
prevented. According to this invention, since the target matter can be supplied continuously, long duration use 
can be carried out, without stopping actuation of X line source. 

[0067] Moreover, since the reuse of the target matter is collected and carried out, the cost concerning the 
target matter can be reduced. Moreover, since the matter which is not processible the shape of a tape or in 
the shape of a wire can also be used as target matter, the wavelength field of an X-ray and the range of 
selection of a spectrum configuration which are used for equipment can be extended. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3Jn the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS ______^^ 

[Brief Description of the Drawings] 

[Drawing 1] It is the outline block diagram showing the X-ray generator of ******** 1. 

[Drawing 2] It is the outline block diagram showing the X-ray generator of ******** 2. 

[Drawing 3] It is the conceptual diagram showing the continuous supply approach of the target matter 

concerning ***** ** * of having used natural fall. 

[Drawing 4] It is the conceptual diagram showing the continuous supply approach of the target matter 
concerning ******** of having used the centrifugal force. 
[Description of Notations in the Main Part] 
100 200 — Vacuum housing 

101.201 — Laser light 

102.202 — Lens 

103.203 — Aperture 

104.204 — Target ****** 

105.205 — Particle-like target matter 

106.206 — Nozzle 

107 — Piezo vibrator 

207 — Disk 

108 — Pipe 

208 — Motor 
109,209 — Plasma 

110 — Container for target recycling 
210 — Container 

111.211 — Door 

112.212 — Band conveyor 



213 


— Covering 


301 


— Target ****** 


302 


— Nozzle 


303 


— Particle-like target matter 


304 


— Laser light 


305 


— Plasma 


401 


— Target ****** 


402 


— Particle-like target matter 


403 


— Disk 



Above 
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[0 0 3 6] *<Dtz#>. tUKVL^mo^izlt. X*£ 

^x^^^^sism^-f^^^^ y > x;uA<»jy w 

H<B#WS (JIT. «tti) iZjST.Z&mLX^telWV* 
[0 0 3 7] *^BJ (|»3*lSl~4) |C***X||JB± 

3Se*lixfcxj9ga (»**5) -CIS. SM^M^3S 

sage w«a5) -ci*, tts^utiMMoanwi 
h;u»*<DX«l^<fl6ffl-e^^) o 

[0038] MM (S*#JS1~4) 

x AfcxHim (11*415) -el*, fit* 
*y***iR*i-Ri^5Jlltktt**«a**#"C. ffctfctt 

*Zi3^-C*«. KIT. *JBM*StIS«l=*y 
[0 0 3 9] 

[JHMM ] «E*^:§S1 oort(DSKiai 0 5 
IC/^UXU— *f — 3fe 1 0 1 **3feLT»aiW»K*^ 
X*fcU Bl^7X7 1 0 9 J: iJIMt**iS x»$affl 
■T-6**«E«<DX«MB±a« (H1#H) 
Hi 0 5<7>^ffi£«*4^tt£U ^«W«3H0 5^ 

/X/n o 6<Dinjp*yss»T*t*\ *t*<d»M«i 
[oo4o] 8«iooni4XS»ffsa (Bstrt*) ie 



*y»»**i* u— *i o 1 *<^*-ea*tt«Lfc 

^7X7 1 O03^6IMt**tfcXli3W«tt**tT» 

*y i o4rtici*. sw&sti 0 5-efc4ta^*a)8 
ibrasft (bn) tfsas+irfcy. BN<D¥istasf4*?j 

1 /im"Cfc^)o 

[004 1] flNXSy 1 0 4a>JtlCl4/X;H 0 6*< 
Biy#(t64tT. /X;H 0 6(Dfc$glClSfig1 OO/i 

TTicjgT-r^o ;xju o6icttexy*T-i 07^ 

Wyf*lt6*tT. Z©kfl!/»1 0 7 |C*y 

«n^yxju o 6fz^.^.^c<tiCcfc y . ;X)\,tf 
«**r=«kytt*&ttt^5icLr^«. 
[0042] /<ju^ u— if — 5fe i o 1 1*. -/ X;u 1 O 6 

^blTLOOfe5BNt«^P0)±ICl/>Xl 0 2IC 
<^ yM5tVt^7X7 1 0 9 ?7X7 1 

0 9 3^&l«tS*tfcX*tt, XUft!**^ (^E^) * 

fflL^fc***rcwya*4x*o /xjhobmsti 

c<^>/<-r^i o si*. ^x^A^&ttm**L*»« 
*a^*>&T-f 4bn «tt^*<s« ioo^ l tz y 

[0 0 4 3] /W^l 0 8ICI4. U— tf— 
*[ff]P<h, **tlC»Wr.«««lZ*4U— *-3lfctlM* 
2l*4li8P<!:. X«*»yHJ-rfc«>a>IBP36<Klt&*iT 
l*4o U— *f-3fcffi$tffi<&lf8Pf2* U— •f-ScttCDT^ 

>r ^ > htDfc^iciftitbtirfcy. 7^-f>>h*<i»T 

Lfc«l4-a)BBPI4it«LT*mi^ 
[0044] yU^108ll «HttK0)la)JRS« 1 1 

oic*«**irjsy. •TLfcB.Nttwwifirttz 

1CH1 i ortlcfc*-*M*ofc&. (HJiRSSli 

1 OlzWt^tltzBl 1 1 *A»fi|lcfflL"C. SSrtlc 
a t ofc B NtttT t^^ h 3 1 1 2 icw y ft 

[0 0 4 5] K;uhzi>K^— 1 1 2CDiga»mi*B^ 

nicBKBLTtey. &&m&&\tc?5fo\z&mTZ>o * 

fflLfcwwaKftBffiL-cwwffl-rficfcicfey. s« 
*K***AwieflMeL*t*ci:^Rntti:ay. ^> 

[0046] BNMT 1 0 5*<Sta^-S@IC-ftSLfc 

»**«icj:y. «»a*y 1 0 4«tsiM:<oo» 
^rn*y ^ft-sw^iei*. »«a* i J«i?BN*tt 
^1 0 5«»Lfcy. «wa*y i 04jt-^-*i: 

i=cty. n*y ta&a^*3ic-r*ii<*L^. ^hjs^j 
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[0047] «Si?!»e : 3Fttr^d:<Tt. 

&<b015i (C02) U ? h > (Kr) liS;£T£U*T?fc£ 
C02<D«^(Cl*-2 0 9°cmT-C@<bU Kr<D«^ 

[0 0 4 8] 

[HJSW2] jaE$tlfc§S2 0 0W(7>SM!felS2 0 5 
|Z/^U*U— If-* 2 0 1 J*3ttti8MM2 0 5 
£:7^X^<bU &:^X^2 0 9J:yS8*£4x£Xfg 

S6*I^2 0 5(7)^fil*«3e^tti:L. f(DSW«3l2 

fClc/^UX U-if-3fe2 0 1 S**Ltl>l)c 
[0 0 4 9] *H8£#]T?I*. SM^S<tL-CB4C<7)^a 

lwSa$+lTl^^B4Ca)»3tt : ?■2 0 51*/ X;U2 0 6^ 
bH«2 0 7(7)(${S*'DSB»lCffilltT^T-r^>o RSS 2 
O 7<DHfi®«jgl*El4 (a) 0>*$|CfcoTfcy. Rffi2 

0 7 <^fflg®a)HS-tl-lifiS 100/i m(D—-D(DmOtf 
mi-th>*lXl^o &tz. RI2 0 71*^-^-2 O 8(7) 

[ O O 5 O ] Rffi 2 0 7 IC^T Lf^CCDfiMSH?- 2 0 5 

ffJlBgSP^^iiaai^^^o fit, R«2 0 7<7>[I] 
6i^LTL/-»f-3fe2 O 1 #T£RffiO>llBDfrbPB 
ai^HfcB4C(D«fe«l^2 O 5lcff8St£ft&£dlc#H&PS 

tirfc y . u-if-*^»i^ y B 4 ccoa«i^ 2 0 5 & 

[005 1] ZZT*. Rffi2 0 7CDB8PA^tta (« 
fcii) ^tl/rB4C(7)0ti : f-2 O 5*<§S2 O Ortlzf&StL 
fcl*<*:?l3. Rffi2 O 7(DJ122£:fc/<— 2 1 3 \z£ iJB 

i\ »ffi$tifcB 4 c<Da)a^^iHiiiRL7:i^c */<-2 

1 3\Zit. «M?S*y 2 O 4^b(7)B4C«fc^*^A-r 

a**:, u— xs^uiym-r- 

*^tcB4CSfct&^^§g2 1 0\Z%tA£-£&tzih<DKtf 

[0 0 5 2] §&2 1 0\z9k#)£>tltzB4CWLlfo*\Z. H 
1 <D^o\z^>\, hn>^-V— 2 1 2!zJ:y31Sfi$^ 
T. SW5S*y 2 0 4fcM£*i£ e ZOtztb* «M^S 
btt*g"r * C <!: Llc^^Wlcflgffi-T £ 
Z<t*<T*^^o Rffi2 O 7 fr^ttLteZIXtzmtL^** H 



[0053] «ot, U-+f-*J6*U>X^<B3fc^3t 
^££^2)1^ y jtttU* i*3#f5£ LTRffi£/8l^:: 
[0 0 5 4] B4Cfifet4^-2 0 5^«fetl^a®(C-W 

^Lfc©»*«tc^y. g«i*y204^ni207 

^^y^T*B4C^a^2 0 5^«»Ltry. Stf);®* U 
2 0 4W3ffi2 0 7£fc— £ — fc£lC<*;yj]Of!fcLT* SH 

s^a®<D®«7K^ ass§£*-c@* y t £ & ui^* o \z 

[0 0 5 5] *mifemT*\Z&#)teW£ LTB4C£JBl^T 

^(C0 2 )^ U^h>{Kr)!*«S^ftt*fc4^ C0 2 a> 
«^IZli-2 O 9°CislT"CH-(bL. KrCDlf^lCli- 1 5 
6. 6°ClsTF-e@<b-f £o ? (C<(g;£T:@<b Lfrfe 

W£®ftLXm&*mzLtz&to®m&m^T*>&l^ 
[00 5 6]!Bt«K 2TM*«MfeM£#B8£l*£f:: 

1, 2X*liSW«3M<DfliSS^|g^L-C^Uha>^-V- 

Ttt<DSW^lS*<D#-C«MS*y^r*8R2ILTtfi 
[0057] HffifflK 2-CI*!»a^ttCD«W^®Sffl 

*yj»*ttA:LT. c^s^p/>>t>es^T*-&fcys 

[0 0 5 8] ^^.11 S(Sn)^2 3 1. 9 7°Cia±(^D 

^h>(Kr)S-1 56. 6°C— 1 5 3. 4°C|Z)ftiOL 
TiSMi: L, c4^^ffl^^Ttat>o S8«S«1. 2XI* 
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[oo 5 9] mmmi . 2iz*^-sx«fg±ssicj:ti 
tut* tt**y t^as©siw«5SA<fl6ffl-e#sroT?. 

•5) o 

[0060] $t>i-, mt&mi. 2\zfrfr&xmm±& 

[00 6 1 ] 

-4) i=A>^4xe«^ai-«fe*iis. «*fcafcft^* 

[0 0 6 2] SWfeH£8M^H*£fcl*?8E##i: 
Lf=*SBBJJ (S!#Jg1~4) dA^-SXtase^ggl-fc 

on*. fam^«D*i=«fcys^i-aiB*i^s*jia^-r 
>D^i-<feyi§n* > e>i®HiSi*'ci' A -5>^>t?» £&2TF<d<!: 

So 

[oo6 3] xmrnzfrftzmtfiimnt lti±. ts&^f- 

W&S£«f£-f -5di*<l>Tfircfcy, A^SiSW&ftl- 

fc) x*a*^? h;u#*£^*-£xiia£*i$t£-ti--sc<!: 

[0 0 6 4] *56B^|cA^-5X^H±SST-l±. 

y^TfcsiMiieajs-B-fcsw^s^isiJRL. s&ffl-r 
■i>;:tA<#$L^ (si*«4) „ gap«ty^ST 

3 0 1, 4 0 llcR-rcilcfcy. ¥*^WI-SW«J® 
S«*SLSIIt-i)wi:A<pIfi6i:4-y. gt©7>->^ 

[0 0 6 5] *5£B^ (IfSfcJg 1 ~ 5 ) IC^3t^rl±. S2) 
S (St#«5) T-li. SM^M^agl«*g-e#€)<75T-fi£ 

*,mimmififti\ *f£BS (is*3Si~ 
4) i-*^«.x^ie^gs^«^fcx^ga 



5) r*i*. fiess^yt^asosM^HA^ffl-e^i)© 
«*fca*g-tf>*'<* h;n&#</)x*a£#£±£-e-c*j 
ffl-r-S^ir^fiET-fcy, tt*<fcy HU 

x . 

[0 0 6 6] 2*>\Z % *SSBJJ (W*3S1~4) |C*^i> 
xS$e£3£H£fiS*.fcx*g£B «S#Jg5) Tli, ft* 

j:yt3t^m^i^i»i^-5siS!t«i^$«M*-e-T. m&m 

**B^ir«fc+iii. iies«K*8«&ft£ 
«I&T?#-5CD-C% X»Jlrol!lff^Jhtf)^^i^<gB#H 

[0 0 6 7] Sfc. SW1^M*Illi|XLri?^ffl-r-S<D 

^«-V>-7^f ■V-Wc*PX-C#4-l^g^ i t«6«Jiami: L 
-cfcfflf-i) sore, SBicfflffl-r*x«a«)3E 

#•5. 

[B i ] bihmm i <ox«ie±sss*-r«fflS«j«E-e 

[12] 2 <DX j**«l&«j*HT? 

10 0. 2 0 0-RaVI 

1 O 1 . 2 O 1 — U— if— 3fe 

1 0 2. 2 0 2 — U>X 

1 0 3. 2 0 3— K 

1 0 4, 2 0 4"'Wny 

10 5. 2O5-«tt^tt0)fflM«aH 

106. 20 6— y X;u 

1 0 

2 0 7—R8S 

1 0 8-»/W^ 

2 0 8 

10 9. 2 O 9-?7X7 

1 1 0-1HBSH 

2 1 0-88 

111, 2 11 — JH 

112. 2 1 2" '^l/h3>^- 

2 1 3 

3 0 

3 o 2 - y X;u 

3 0 3-«*«<D«»»* 
3 0 5-^7X7 
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